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Physical propertiesAbstract Pomegranate peels (outside, inside and whole) were oven (40 C) and solar dried. Aque-
ous and methanolic extracts were prepared from the dried peels, and their antioxidant activities
[radical scavenging activity (RSA %), ABTS radical scavenging, total phenolic content (TPC)
and total ﬂavonoids content (TFC)] were determined. The aqueous extract of the dried whole peel
showed the highest antioxidant activities as compared to other pomegranate peel extracts (PPEs).
Stirred yoghurt was prepared from reconstituted skim milk powder fortiﬁed with 5%, 10%,
15%, 20%, 25%, 30% and 35% of the PPE, before and after inoculation with the traditional
yoghurt starter. Addition of PPE before inoculation with the starter resulted in stirred yoghurt
of higher antioxidant activities than that with PPE added after inoculation with the starter. Also,
increasing the percentage of the added PPE increased signiﬁcantly the antioxidant activities of stir-
red yoghurt up to 25% and further increase in the percentage of added PPE led no signiﬁcant effect.
Addition of PPE had no signiﬁcant effects on the sensory attributes (appearance, body & texture
and ﬂavor) as compared to the control sample. Increasing the percentage of the added PPE resulted
in decrease in the viscosity of the stirred yoghurt, but samples containing 20% and 25% PPE led
almost the same viscosity.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Faculty of Agriculture, Ain Shams
University.Open access under CC BY-NC-ND license.Introduction
Yogurt is among the most common dairy products consumed
around the world (Saint-Eve et al., 2006). It is mainly obtained
by fermenting fresh milk or reconstituted milk with lactic acid
bacteria, and favored by the customer because of its effects of
improving the intestinal environment and enhancing the body
208 M.M. El-Said et al.immunity (Michael et al., 2010). There are increasing interests
in applying fruit processing wastes as functional food
ingredients since they are rich source of dietary ﬁber, and most
of the beneﬁcial bioactive compounds are remained in those
by-products (Balasundram et al., 2006). Additionally, waste
products (e.g. fruit peels) from processing of agricultural com-
modities could offer practical and economic sources of active
antioxidants which could replace the synthetic ones (Moure
et al., 2001; Balasundram et al., 2006; Reddy et al., 2007).
The pomegranate plant (Punica granatum L., Punicaceae fam-
ily) is a shrub and its fruit is a rich source of bioactive phyto-
chemicals such as tannins and other phenolics. It is a native
plant to the Mediterranean region and has been used exten-
sively in folk medicine of some countries in Asia and other
parts of the world. Interestingly, it was stated that pomegran-
ate peels have been used since antiquity in the Middle East as
colorant for textiles because of their high tannin and phenolic
contents (Li et al., 2006).
Stomachic, inﬂammation, fever, bronchitis, diarrhea, dysen-
tery, vaginitis, urinary tract infection, and, among others,
malaria have been treated using various parts of pomegranate
including fruit peels. Several Studies have reported that the
phenolic content of pomegranate peels was 10 times higher than
that found in the pulp (Li et al., 2006). The phenolic constitu-
ents, ellagic tannins and ellagic acid, are among the potent anti-
oxidants in peels (Murthy et al., 2002; Negi and Jayaprakasha,
2003; Reddy et al., 2007; Iqbal et al., 2008; Madrigal-Carballo
et al., 2009).
The objective of the current study was to use pomegranate
peel extract in the manufacture of stirred yoghurt. Antioxidant
and organoleptic properties were determined. Sensory accept-
ability of stirred yoghurt was assessed.
Materials and methods
Materials
Skim milk powder: Low heat powder imported from USA. It
had 34% protein, 51% lactose, 1.2% fat, 8.2% ash, 4% mois-
ture. Fully ripe pomegranate fruits (P. granatum L.) were
obtained from the local market. 1, 1-diphenyl-2-picrylhydrazyl
radical (DPPH), Gallic acid: ‘‘monohydrate reagent grade’’,
rutin, ammonium persulphate and ABTS from Sigma–Aldrich
Inc. (St. Louis, MO, USA). Folin–Ciocalteus phenol reagent
was purchased from Fluka Chemical Co. Methanol was pur-
chased from Sd Fine-Chem. Limited.
Methods
Preparation of pomegranate peel powder
Pomegranate fruits were washed by distilled water peeled care-
fully separate into two parts; the outside and the white inside
part of the peel. Samples of outside and inside and whole peel
were dried by the oven and solar drying methods.
1. Oven drying
The peels were air dried in a ventilated oven at 40 C for
48 h and ground to a ﬁne powder.2. Solar drying
The pomegranate peel was placed on shelves of a solar drier
made of aluminum mesh. The temperature inside of the dryer
was about 50 C for 2 h to get dried pomegranate peel, and
then grouned to ﬁne powder.
Preparation of pomegranate peels extracts (PPE)
According to Shiban et al. (2012), pomegranate peel powder
(5 g) was separately blended for 2 min with 300 ml of 80%
methanol or with distilled water. Each mixture was then left,
in the dark; at room temperatures for 1 h prior to ﬁltration
(Whatman No. 1) and centrifuged at 3500 rpm for 10 min.
Extracts were kept at 20 C prior to analysis. The antioxi-
dant activities of aqueous PPE are (RSA 97.214%, ABTS
89.561%, TPC 16.343 mg Gallic acid/g and TFC 6.863 mg
RE/g) and acidity was 4.83% and pH 3.5.
Manufacture of stirred yoghurt fortiﬁed with PPE
Reconstituted skim milk (12% T.S) was heated to 90 C for
5 min and cooled to (40 C). The aqueous PPE of whole peel
was added at the ratios of 5%, 10%, 15%, 20%, 25%, 30%
and 35%, then 3% traditional starter culture was added and
the mixtures were incubated at 45 C until the gel structure
was formed. The gel was stirred and stored at refrigerator
(6 ± 2 C) (Experimental I). The same experiment was done
the same as obvious except that whereas PPE was added after
inoculation of the mixtures (Experimental II).
Antioxidant activity of pomegranate peel extracts
Radical scavenging activity (RSA %) assay. Free radical scav-
enging activity (RSA) of the samples was measured using the
method of Brand-Williams et al. (1995). An aliquot 100 ll of
the sample solution was mixed with 2.9 ml of 60 lM DPPH
(2,2-diphenyl-1-picrylhydrazyl) in methanol solution are vor-
texed. The reaction mixture was left in the dark for 30 min,
after which the absorbance was measured at 517 nm. Methanol
was used as blank. Antioxidant activity was expressed as per-
centage inhibition of the DPPH radical and was determined by
the following equation:
RSA% ¼ ½ðAcontrol  AsampleÞ=Acontrol  100ABTS radical scavenging assay. The 2,20-azino-bis (3-ethyl-
benzothiazoline-6-sulfonic acid) (ABTS) radical scavenging
assay was done according to the method of Re et al. (1999).
Five milliliters of ABTS solution (7 mM) was mixed with
88 ll of ammonium persulphate solution (140 mM) and then
incubated in the dark at 25 C for 12–16 h, and then diluted
with phosphate buffer (pH7.2) until the absorbance at
734 nm was 0.70 ± 0.02. Aliquot (100 ll) of each sample was
mixed with 3 ml of the prepared ABTS working solution and
the change in absorbance was observed at 734 nm. The ABTS
radical scavenging capacity of the sample was calculated by the
following formula:
ABTS radical scavenging activity
¼ ½ðAblank  AsampleÞ=Ablank  100
Fig. 1 DPPH radical scavenging activity of PPE (methanol and
water extract) of oven and solar dried peels.
Fig. 2 ABTS % of PPE (methanol and water extract) of oven
and solar dried peels.
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Total phenolic content was determined according to Zheng
and Wang (2001) by using Folin–Ciocalteu reagent. Twenty
ll of sample was mixed with 1.58 ml of distilled water followed
by 100 ll of Folin–Ciocalteus reagent. The mixture was vor-
texed vigorously, left to stand at room temperature for
15 min and 300 ll of sodium carbonate solution (20%) was
added. The mixture was left to stand at room temperature
for 2 h then the absorbance was measured with a spectrum
UV–ViS Spectrophotometer at 765 nm.
Determination of total ﬂavonoids content (TFC)
The amount of TFC in the extracts was measured spectropho-
tometrically according to Djeridane et al. (2006). This method
depends on the formation of a complex ﬂavonoid aluminum,
having the maximum absorbance at 430 nm. Rutin was used
to make a calibration curve. One ml of methanolic extract
was mixed with 1 ml of 2% AlCl3 methanolic solution. After
incubation at room temperature for 15 min, the absorbance
of the reaction mixture was measured at 430 nm. TFC was
expressed as mg Rutin equivalents per g DM.
Physical properties of stirred yoghurt
1. Sensory evaluation
Ten trained panellists from the staff members of the Dairy
Science Department, National Research Centre, Egypt used a
quality rating score card for the evaluation of ﬂavor (50
points) body and texture (40 points) and appearance (10
points).
2. Viscosity
Viscosity of different stirred yoghurt fortiﬁed with PPE was
measured using Brookﬁeld Viscometer (Brookﬁeld Engineer-
ing Laboratories, USA), equipped with SC4-21 spindle run-
ning at 20, 30, 50, 60 and 100. Measurements were taken at
room temperature.
Statistical analysis
Analysis of variance and Duncan’s test as well as average and
standard error (SE) were carried out using SPSS computer
program (SPSS, 1999).
Result and discussion
Antioxidant activity of pomegranate peel extracts
DPPH radical scavenging activity
Fig. 1 shows that both aqueous and methanol extract display a
good antioxidant activities for all parts of the plants. In the
present study, pomegranate peel extracts showed a signiﬁcant
variability in their inhibitory activity against DPPH radical.
The highest radical scavenging activity was detected in the fol-
lowing order: whole > inside > outside peel extract, whether
oven or solar dried for both extracts (methanol and water
extract). Water as an environmental friendly solvent has been
found to be very effective for antioxidant extraction from
pomegranate in some studies (Singh et al., 2002; Qu et al.,2009). The mean values of PPE methanol extracts ranged from
95.48%, 96.62% and 97.94% to 95.30%, 95.86% and 96.92%
for oven and solar drier outside, inside and whole peel respec-
tively, The corresponding mean values of water extracts were
93.97%, 95.40% and 97.21% to 93.81%, 94.86% and
95.04% respectively.
ABTS free radical assay
ABTS radical cation decolorization test is another measure for
the antioxidant activity of a broad diversity of substances;
both aqueous phase radicals and lipid peroxyl radicals (Rice-
Evans et al., 1996; Re et al., 1999). The decrease in color at
734 nm indicates reduction of ABTS radical (Adedapo et al.,
2008b). The methanol extracts of PPE showed stronger antiox-
idant activities than the water extracts and the mean values of
ABTS as in Fig. 2 shows whole > inside > outside peel
extracts whether oven or solar dried for both extracts (metha-
nol or water extract). Mean values of methanol extract of PPE
ranged from 89.41%, 90.51% and 90.94% to 89.21%, 89.43%
and 90.05% for inside, outside and whole peel extract by using
oven and solar drying respectively.
Total phenolic content (TPC)
Results for the TPC of methanol and water extracts of PPE are
given in Fig. 3. The highest value of total phenolic compounds
Fig. 3 The mean TPC resulted of PPE (methanol and water
extract) dried by oven and solar drying.
210 M.M. El-Said et al.was detected in methanol extract. The TPC of PPE for oven
dried peels, ranged from 16.00 to 17.78 as mg Gallic acid/g
in methanol extract and from 14.23 to 16.34 as mg Gallic
acid/g in water extract, while the TPC of PPE for solar dried
peel, ranged from 14.83 to 15.80 as mg Gallic acid/g in meth-
anol extract and from 13.98 to 14.81 as mg Gallic acid/g in
water extract.
Several studies have revealed that phenolic contents in
plants are associated with their antioxidant activities, probably
due to their redox properties, which allow them to act as
reducing agents, hydrogen donors, and singlet oxygen quench-
ers and also may have a metallic chelating potential (Adedapo
et al., 2008a).
Total ﬂavonoids content (TFC)
Fig. 4 shows that the methanol extracts had higher activity
than the water extract. The mean values of methanol and water
extracts expressed as mg rutin/g ranged from 6.99 to 7.98 and
from 6.54 to 6.86 for PPE inside of, outside, whole part oven
dried peels, while those dried by solar energy, gave mean val-
ues that ranged from 6.96 to 7.96 for methanol extract, and
from 6.32 to 6.86 for water extract for inside, outside, whole
part of PPE. The PPE possess proton donating ability and in
association with a number of hydroxyl groups in the TFC
structures to stabilize free radicals it could due to their ability
to quench hydroxyl radicals by transferring hydrogen atom to
free radical (Moussaid et al., 2011).Fig. 4 The means TFC resulted of PPE (methanol and water
extract) dried by oven and solar drying.Antioxidant activity of yoghurt fortiﬁed with PPE before and
after inoculation
It was noticed from Table 1 that antioxidant activity of stirred
yoghurt measured by RSA and ABTS methods revealed that
the increasing of the concentration of PPE increased signiﬁ-
cantly the antioxidant activity for both before and after inoc-
ulation, being were pronounced PPE was added before
incubation.
RSA values were 19.12%, 23.86%, 28.82%, 33.32%,
37.25%, 52.43%, 52.92% and 53.41% with 5%, 10%, 15%,
20%, 25%, 30% and 35% PPE before inoculation while it
was 17.91%, 22.17%, 29.97%, 30.96%, 34.11%, 42.98%,
43.15%, and 43.81% after inoculation with the same concen-
tration of PPE using RSA method. ABTS values were
3.18%, 5.22%, 6.24%, 7.38%, 8.08%, 11.08%, 11.65% and
14.01% with 5%, 10%, 15%, 20%, 25%, 30% and 35%
PPE before inoculation while it was 1.91%, 3.12%, 4.20%,
5.09%, 6.49%, 8.15%, 11.40% and 12.22% after inoculation
with the same concentration of PPE using ABTS method.
Adding PPE before inoculation increased TPC and TFC
rather than after inoculation. TPC values were 3.388, 4.16,
5.06, 5.97, 6.47, 8.01, 8.03 (mg GAE/g) and 8.23 with 5%,
10%, 15%, 20%, 25%, 30% and 35% PPE before inoculation
while it was 3.09, 4.01, 4.89, 5.67, 6.09, 7.39, 7.49 and 7.61 (mg
GAE/g) after inoculation with the same concentration of PPE
using TPC method. TFC values were 1.22, 1.54, 1.89, 2.47,
2.58, 3.42, 3.43 and 3.59 (mg RE/g) with 5%, 10%, 15%,
20%, 25%, 30% and 35% PPE before inoculation while it
was 1.11, 1.42, 1.85, 2.18, 2.33, 2.98, 2.98 and 2.99 (mg RE/
g) after inoculation with the same concentration of PPE using
TFC method. TPC, TFC and antioxidant activity (RSA &
ABTS) in all cases were signiﬁcantly highest in fortiﬁed
yoghurts compared to control, providing additional evidence
of supplementation; whether adding PPE before or after inoc-
ulation there were insigniﬁcant increase in values of TPC, TFC
after 25% of PPE added of yoghurt samples, but yoghurt for-
tiﬁed with 35% PPE had high values in antioxidant activity.
The substantial amounts of TPC and FC in PPEs were well
correlated and dominantly responsible for the antioxidant
activity. The PPE potently scavenged DPPH radicals similar
to catechin, it is likely that PPE possessed proton donating
ability in association with a number of hydroxyl groups in
the TPC and FC structures to stabilize free radicals (Singh
et al., 2002; Wang et al., 2003; Moussaid et al., 2011). It is clear
that, addition PPE to milk before inoculation gave high values
compare to after addition of PPE because pomegranate peel
characterized by substantial amounts of phenolic compounds,
including ﬂavonoids (anthocyanins, catechins and other
complex ﬂavonoids) and hydrolyzable tannins (punicalin,
pedunculagin, punicalagin, gallic and ellagic acid) (Negi and
Jayaprakasha, 2003; Afaq et al., 2005; Zahin et al., 2010). Phe-
nolic compounds in PPE which added preinoculation might be
broken down into smaller phenolic compound forms that are
more extractable or stable during inoculation. While PPE
added post-inoculation may not have broken down, or
conjugated to non-phenolic yoghurt components, thereby
reducing their extractability and lowering the TPC and TFC
(Sun-Waterhouse et al., 2013). In general, phenolic compounds
have more antioxidant activity at an acid concentration.
Polewski et al. (2002) observed that at a basic pH, Gallic acid
Table 2 Organoleptical properties of stirred yoghurt fortiﬁed with different ratios of PPE.
PPE ratios Flavor (50) Body and texture (40) Appearance (10) Overall acceptability (100)
Control 44.71b ± 3.63 36.86a ± 3.18 8.29a ± 1.89 89.75b ± 5.02
5% 43.00c ± 4.12 37.57a ± 0.97 8.29a ± 1.49 88.75c ± 3.59
10% 43.57c ± 3.25 36.71a ± 2.36 8.29a ± 1.11 88.50c ± 3.63
15% 43.71c ± 3.03 35.71b ± 2.81 8.14a ± 1.21 87.50c ± 3.91
20% 46.00a ± 2.58 37.43a ± 3.25 8.29a ± 1.11 91.63a ± 3.46
25% 44.86b ± 6.74 35.00c ± 3.36 8.71a ± 0.75 88.50c ± 6.04
30% 46.7a ± 1.70 36.43a ± 3.40 8.71a ± 0.75 91.75a ± 2.44
35% 45.43b ± 4.68 35.29b ± 3.25 8.71a ± 0.75 89.38b ± 3.79
Fig. 5 Viscosity of stirred yoghurt fortiﬁed with different ratios
of PPE.
Table 1 RSA %, ABTS % TPC and TFC of stirred yoghurt fortiﬁed with PPE before and after inoculation.
PPE ratios ABTS % RSA % TPC (mg GAE/g) TFC (mg RE/g)
Before After Before After Before After Before After
Control 3.18e ± 0.03 1.91h ± 0.01 19.12f ± 1.56 17.91e ± 1.54 3.38f ± 0.05 3.09e ± 0.02 1.22e ± 0.01 1.11f ± 0.01
5% 5.22d ± 0.43 3.12g ± 0.20 23.86e ± 2.40 22.17d ± 1.40 4.16e ± 0.43 4.01d ± 0.13 1.54d ± 0.03 1.42e ± 0.01
10% 6.24d ± 0.22 4.20f ± 0.43 28.82d ± 2.30 29.97c ± 1.05 5.06d ± 0.35 4.89c ± 0.33 1.89c ± 0.05 1.85d ± 0.07
15% 7.38c ± 1.02 5.09e ± 0.65 33.32c ± 2.54 30.96c ± 2.71 5.97c ± 0.14 5.67b ± .21 2.47b ± 0.04 2.18c ± 0.09
20% 8.08c ± 1.22 6.49d ± 1.20 37.25c ± 2.09 34.11b ± 2.57 6.47b ± 1.08 6.09b ± 1.25 2.58b ± 0.57 2.33b ± 0.07
25% 11.08b ± 1.88 8.15c ± 0.55 52.43b ± 3.08 42.98a ± 2.79 8.01a ± 1.77 7.39a ± .98 3.42a ± 0.25 2.98a ± 0.25
30% 11.65b ± 1.70 11.40b ± 1.00 52.92b ± 2.98 43.15a ± 3.00 8.03a ± 1.87 7.49a ± 1.08 3.43a ± 0.40 2.98a ± 0.50
35% 14.01a ± 2.07 12.22a ± 1.89 53.41a ± 2.48 43.81a ± 2.54 8.23a ± 1.54 7.61a ± 1.00 3.59a ± 0.78 2.99a ± 0.01
DPPHﬁ 1,1-diphenyl-2-picrylhydrazyl as % DPPH inhibition.
ABTSﬁ 2,20-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid).
TPCﬁ Total Phenol Content as GAE mg/g (Gallic acid Equivalent).
TFCﬁ Total Flavonoid Content as lg rutin equivalent (RE)/g.
Each value was an average of three determinations.
Means within a column showing the same small letter are not signiﬁcantly different (PP 0.05).
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level can affect and change the ionization state of the phenolic
compounds and, therefore, the absorbance maximum.
Sensory properties
Stirred yoghurt supplemented with different ratios of PPE was
sensory evaluated, and scores are recorded Table 2 shows that
there were insigniﬁcant difference in ﬂavor scores between
treatments 20% and 30% PPE, while treatments control,
5%, 10%, 20% and 30% were insigniﬁcant different in body
and texture compare to other treatments. There were insignif-
icant differences in appearance shows between all treatments.
Treatments 20% and 30% of PPE had insigniﬁcant different
compare to other treatments.Viscosity of stirred yoghurt fortiﬁed with different ratios of PPE
The results in Fig. 5 showed that, increasing the concentration
of PPE decreased viscosity values. It was obvious that 20%
and 25% concentration had nearly the same viscosity values.
This may be related to PPE impact on the aggregation of
casein network in yoghurts via electrostatic interaction, and
on the resistance for the yoghurt matrix to ﬂow (Rice-Evans
et al., 1996; Tamime and Robinson, 1999). Ramaswamy and
Basak (1992) stated that the addition of plant extracts gener-
ally decreased the consistency of the products owning to
reduced water-binding capacity of proteins.References
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